Estimation of time pass since death is a great forensic confrontation.
INTRODUCTION
Estimation of time since death continues to be a major forensic challenge. Physical and anatomical changes can be used for its estimation and to obtain more precise results, forensic pathologists should use more than one method, taking in consideration the influence of environment (Henssge and Madea, 2004).
Cornea is a transparent avascular tissue which composed of water (78 %), collagen (15%), other protein (5%), ground substance (1%) and salts (1%). A lot of factors are contributed to corneal transparency, such as lamellar arrangement of collagen bundles in corneal stroma, regular and uniform arrangement of corneal epithelium, intercellular junctions, relative controlled hydration of normal cornea and corneal avascularity (Bowling, 2015 used a computer image analysis technology for quantification of corneal opacity; however they mentioned one limitation of their study as they neither examine effect of eye closure, nor put in consideration the ambient temperature. Here in the present study, a comparison between subjective examination and digital image analysis of the corneal opacity as tools in estimating postmortem interval. In addition, authors studied the effects of eye closure and temperature on the rate of development of corneal opacity.
MATERIALS & METHODS
Adult rabbits were obtained from Faculty of Veterinary, Minia University.
All procedures and animal handling were done in accordance with recommendations of ethical committee of Faculty of Medicine, Minia University. Rabbits were left for 1 week in the same experimental conditions for accommodation. Rabbits were divided into the following groups (10 rabbits each): at death; 6, 12, 18, 24, 30, 36, 42, 48, 54, 60 hr. after death. After rabbit's scarification (by cervical decapitation under general anesthesia), left eye was kept opened by hemostatic forceps while the right eye was closed till the time of imaging. After death, rabbits were left at the room temperature. The experiment was done twice; one in the summer with hot temperature (June; 40±4 C) and the second in winter (January; 15±3 C).
Image recording
Rabbit's eyes were photographed using Canon PowerShot SX60 HS camera (Canon, USA). A fixed desk light was used as the only source of light during photographing. The camera was fixed approximately 15 cm away from the rabbit eye. The light source was to the right to rabbit.
Subjective study A scoring system was used to assess the cornea opacity. A score 1, 2, 3, and 4 for no, slight, moderate, and severe corneal opacity respectively (figure 1) (Salam et al., 2012). For each examined time, a score was given. One observer examined rabbit eyes throughout the study.
Image processing
A digital image is a picture that has been changed to a computer understandable binary arrangement consisting of logical 0s and 1s. It is a representation of a physical image as a set of numbers that can be readable by a computer. The digital image is divided into small squares called pixels which stand for picture elements. For each pixel, the imaging device records a number, or a small set of numbers, that describe some property of this pixel, such as its brightness (the intensity of the light) or its color. The numbers are organized in an array of rows and columns that correspond to the vertical and horizontal positions of the pixels in the image. Digital images have several basic features (Viner, 2018, 
Yang et al., 2017).
As the iris has different colors, the area selected for image analysis was that of the cornea opposite the pupil. Four points were selected over the pupil area of the cornea (figure 2). For the color images red, green and blue pixel values were recorded, and the mean value of the 4 selected points was calculated for each examined color.
Image analysis was done by MATLAB software (version R2016b, 64-bit, MathWorks, USA). This software enables authors to detect pixel value for each examined color (figure 3).
Statistical analysis
Statistical analysis of data was conducted using SPSS 24 for windows (SPSS, Chicago, USA). Data were tested for difference using repeated measures ANOVA and post hoc test and least significant difference (LSD) and Chi-square for non-parametric data. Simple and multiple regression analysis were done to generate equations for estimation of PMI from different examined variable. Statistically significant differences were determined at P < 0.05. Data were expressed as mean ± SD. Table 1 and 2 depict the results of subjective assessment of corneal opacity of rabbit eyes in winter and summer time respectively. There is a gradual increase in the corneal opacity over time. There is slight increase in the corneal opacity in the closed eye in comparing with opened one. This is true for summer and winter times.
RESULTS
Examining corneal images with MATLAB showed decreased all R, G, and B pixel values over time (table 3) . There are significant differences between different pixel values in different examined postmortem intervals. Figure 4 , 5, and 6 illustrate more obviously the relation between pixel values of each color and the postmortem interval. In addition, these figures portrayed that there is more decrease in all pixel values in closed eyes in the same ambient temperate than opened eyes. And there is more decrease in the pixel values in summer than winter times. For the prediction of postmortem interval from subjective and image analysis parameters; simple regression analysis was used. Table 5 and 6 show the developed equations. There is better prediction of the postmortem intervals using image analysis parameters than when subjective assessment was employed. This appeared from the improved SEE of image analysis than that of subjective assessment.
On using multiple regression analysis, there is slight improvement in the prediction of postmortem interval. SEE decreased from 2.5-3.6 hr. when individual colors were used in the equation to 1.1-1.3 when the 3 elements of colors (R, G, and B) were used ( Pixel value for each color at the examined point from 0-255. All examined corneas pixel values showed significant difference with that value at death by LSD. P value <0.05 Figure (6) On using simple regression analysis, prediction of the postmortem intervals using image analysis parameters is better than when subjective assessment was employed. This result appeared from the improved r-values of that RGB pixel values than that of scoring subjective method.
When come to study the effect of eye closure and ambient temperature. There is slight increase in the corneal opacity in the closed eye in comparing with opened one and more in summer than in winter. With closed eyes, the cornea will turn hazy more quickly. According to the authors' knowledge, this the first research described the effect of eye closure in development of corneal opacity. However it was described as a research note by Tsunenari et al, (Tsunenari et al., 1977) without statistical comparing with opened eye. Air exposure and the surrounding humidity may help in delaying corneal cloudiness in opened eyes.
As expected, the ambient temperature has a significant effect upon corneal opacity. The rate of corneal opacity increased markedly in summer time. Digital image analysis of the cornea has many advantages as described by Kawashima et al. (Kawashima et al., 2015) . The results of image processing are reliable, reproducible, noninvasive, with less human error. Image analysis gives numerical scores in opposite to subjective method. Additional superiority of digital image analysis was concluded from this study. Image analysis method could detect minimal changes in the corneal opacity. SEE are much lower in the objective methods in comparing to that of the subjective methods.
Even with the advantages of digital image processing over the subjective approaches for the estimating postmortem interval from corneal opacity examination, multiple factors affect the process of photographing. Lightening, angle, and distance between object and camera are examples of these factors (Häkkinen et al., 2008) . These factors are avoided in subjective methods. However, lightening, angle and distance of photographing could be standardized to minimize its effects on image processing procedure.
CONCLUSION
The results achieved by this study concluded that corneal opacity increase with increased time passed since death. Digital image analysis (especially red pixel value) gives stronger correlation with post mortem interval than that of subjective analysis. There is improvement of SEE from 2.5-3.6 hr. to 1.1-1.3 when using equation of 3 elements of colors (R, G, and B). Corneal opacity slightly increased in closed eye than in opened one. In summer corneal opacity occur faster than in winter.
